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PATENT 
INL-071 (4643/125) 

MULTI-ANAL YTE REFERENCE SOLUTIONS 

Technical Field 

[001] The present invention relates to the field of reference solutions for instruments that 
measure analytes in biological samples, particularly to instruments that determine hematocrit 
levels in biological samples by measuring the resistance and/or conductivity of the samples. 

Background Information 

[002] In the past, it was customary for clinical chemists to measure biological analytes in serum 
or plasma by flame photometry, coulometry, or fluorometric titration. Hematocrit, the 
percentage of blood volume occupied by cells (also known as packed cell volume), is measured 
in whole blood by micro-centrifugation or cell counting. More recent advances in clinical 
instrumentation have allowed for simultaneous measurement of biological analytes and 
hematocrit in a single sample. One type of modern blood analyzer measures biological analytes 
(such as sodium, for example) by direct potentiometry and hematocrit by conductivity. These 
instruments vastly improve the speed at which hematocrit levels and the concentrations of 
biological analytes can be obtained, which can lead to improvements in patient diagnosis and 
care. 

[003] In order to confirm the accuracy of blood analyzer measurements, the instrument must be 
calibrated before use. Some reference solutions use blood cells or other blood products to 
approximate physiological hematocrit levels. However, blood products are expensive, must be 
refrigerated during shipment and storage, and are relatively unstable. Thus, a preferred reference 
solution would not contain blood products, but would still maintain a conductivity similar to a 
known hematocrit level. 

[004] A reference solution for biological analytes must contain known concentrations of each 
analyte, while a reference solution for hematocrit must have a conductivity similar to that of 
blood with a known hematocrit level. However, it is difficult to formulate an aqueous solution 
with physiological levels of biological analytes (such as sodium, for example) and hematocrit in 
the same solution, because an aqueous environment that lacks red blood cells is far more 



conductive than whole blood. Accordingly, an additive, such as inert particles or non-conductive 
water-soluble chemicals, must be added to achieve the necessary conductivity. 

[005] Existing reference solutions include high concentrations of conductivity-reducing 
additives - often up to 30-40% of the total volume of the solution - in order to achieve a 
conductivity representative of hematocrit levels in whole blood. However, large amounts of 
additives can drive up the cost of the reference solution, particularly in the case of relatively 
expensive inert particle additives. In addition, high concentrations of additives can lead to 
unwanted side-effects, including interference with other analytes in the reference solution, high 
viscosity, reduced shelf life, and precipitation during shipment and storage. Furthermore, certain 
water-soluble chemical additives can permeate some sensors within the blood analyzer (such as 
an oxygen sensor, for example) and reduce the sensitivity and selectivity of the sensors. 

[006] Because of these problems, existing reference solutions cannot effectively calibrate a 
blood analyzer for both hematocrit and biological analytes simultaneously. As a result, at least 
two separate reference solutions must be used to calibrate a blood analyzer, which reduces the 
overall speed and increases the cost of operating such instruments. 

Summary of the Invention 

[007] The present invention provides a reference solution for use in instruments that determine 
hematocrit levels in biological samples by measuring the conductivity of the biological samples. 
A reference solution according to the invention achieves conductivities representative of known 
hematocrit levels in blood, while maintaining tolerable levels of interference with the 
measurement of other analytes in the reference solution. In addition, a reference solution 
according to the invention is not highly viscous, does not form a precipitate during shipment or 
storage, and is more stable at room temperature than reference solutions that contain blood 
products. A reference solution according to the invention can be used to simultaneously 
calibrate an instrument that analyzes biological samples for hematocrit and biological analytes. 

[008] In general, in one aspect, the invention provides a reference solution for use in 
instruments that analyze biological samples that includes at least two of a water soluble polymer, 
a glycol, and a polysaccharide. The reference solution has a conductivity that corresponds to the 
conductivity of a known hematocrit level. 
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[009] Embodiments of this aspect of the invention may have the following features. The water 
soluble polymer may be a non-ionic species, such as polyethylene glycol, for example. The 
glycol may be ethylene glycol. The polysaccharide may be a non-ionic species, such as dextran, 
for example. The water soluble polymer, glycol, and polysaccharide may be present in such 
amounts as to provide a solution that has a conductivity that corresponds to the known 
physiological hematocrit level in human blood. Alternatively, the solution may have a 
conductivity that is less than or greater than the known physiological hematocrit level in human 
blood. 

[010] The reference solution may also contain one or more analytes, which may be present in 
concentrations that correspond to the physiological concentrations of the analytes in human 
blood. The one or more analytes may be ions, such as hydrogen, sodium, potassium, calcium, 
chloride, bicarbonate, lithium, magnesium, and ammonium. The one or more analytes may be 
biological metabolites, such as glucose, lactate, urea, creatine, and creatinine. The one or more 
analytes may be gases, such as oxygen and carbon dioxide. Alternatively, the one or more 
analytes may be a mixture of ions, biological metabolites, and/or gases. The reference solution 
may also contain a buffer solution, a preservative, a stabilizer, a surfactant, a dye, and/or an 
anticoagulant. The biological sample that the instrument analyzes may be blood. 

[Oil] In general, in another aspect, the invention provides a reference solution for use in 
instruments that analyze biological samples that includes polyethylene glycol, ethylene glycol, 
and dextran. The reference solution has a conductivity that corresponds to the conductivity of a 
known hematocrit level. Embodiments of this aspect may include one or more analytes, as 
described above. 

[012] In general, in yet another aspect, the invention provides a reference solution for use in 
instruments that analyze biological samples that includes polyethylene glycol and dextran. The 
reference solution has a conductivity that corresponds to the conductivity of a known hematocrit 
level. Embodiments of this aspect may include one or more analytes, as described above. 

[013] In general, in still another aspect, the invention provides a method for calibrating an 
instrument that analyzes biological samples. The method involves providing a reference solution 
that contains at least two of a water soluble polymer, a glycol, and a polysaccharide, and has a 
conductivity that corresponds to the conductivity of a known hematocrit level, as described 
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above. The reference solution is introduced to the instrument, and a signal is obtained that 
represents the measured conductivity value. The instrument is then adjusted so that the 
measured conductivity value equals the known conductivity of the reference solution. 

[014] In general, in another aspect, the invention provides a method for calibrating an 
instrument that analyzes biological samples. The method involves providing a reference solution 
that contains one or more analytes at known concentrations, at least two of a water soluble 
polymer, a glycol, and a polysaccharide, and has a conductivity that corresponds to the 
conductivity of a known hematocrit level, as described above. The reference solution is 
introduced to the instrument, and signals are obtained that represent the measured conductivity 
value and the concentrations of the one or more analytes. The instrument is then adjusted so that 
the measured conductivity value equals the known conductivity of the reference solution, and the 
measured concentration values equal the known concentration of the one or more analytes in the 
reference solution. 

[015] The foregoing and other objects, aspects, features, and advantages of the invention will 
become more apparent from the following description and the claims. 

Brief Description of the Drawings 

[016] In the drawings, like reference characters generally refer to the same parts throughout the 
different views. Also, the drawings are not necessarily to scale, emphasis instead generally 
being placed upon illustrating the principles of the invention. 

[017] FIG. 1 is a schematic diagram of the components of an embodiment of a blood analyzer 
according to the invention, including a sensor cartridge with an electrode card and sample inlet, a 
peristaltic pump, and a microprocessor. 

[018] FIG. 2 illustrates a frontal view of an embodiment of an electrode card according to the 
invention. 

[019] FIG. 3 is a table summarizing the results of experiments that measured the hematocrit 
level and analyte concentrations of a reference solution according to an embodiment of the 
invention. 
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[020] FIG. 4 is a table summarizing the results of experiments that measured the hematocrit 
level and analyte concentrations of aliquots of a reference solution according to an embodiment 
of the invention stored at different temperatures. 

[021] FIG. 5 is a table summarizing the results of experiments that measured the hematocrit 
level and analyte concentrations of aliquots of another reference solution according to an 
embodiment of the invention stored at different temperatures. 

[022] FIG. 6 is a table summarizing the results of experiments that measured the hematocrit 
level and analyte concentrations of aliquots of the reference solution of FIG. 5 that were 
pasteurized and stored at different temperatures. 

Detailed Description 

[023] In general, the present invention provides a reference solution for calibrating instruments 
that determine hematocrit levels in biological samples. In one aspect according to the invention, 
the reference solution is used to calibrate an instrument that determines the hematocrit level of a 
blood sample (a "blood analyzer") by measuring the conductivity of the sample. 

[024] The hematocrit level (H) of a sample is related to its conductivity (C) by equation 1 : 

C = C 0 (1-H) (1) 

where C 0 is the conductivity when H = 0. A blood analyzer obtains conductivity values by 
measuring the resistance of a sample (where resistance R is related to conductivity C by 
R = 1/C), then comparing the result with resistance values for two standard solutions of known 
conductivities. The hematocrit level of a sample (H x ) can be determined by measuring the 
resistance (R x ) of the sample and comparing it to the known resistance (R A ) and hematocrit level 
(H A ) of a standard A using equation 2: 

R x - R A = Ro[(l/(l-Hx) - 1/(1-H A )] (2) 

where Ro is the resistance when H = 0. 

[025] To determine R 0 , the resistance (R B ) of a second standard B having a known hematocrit 
level (Hb) must be measured. Substituting the resistance and hematocrit values for both 
standards A and B into equation 2 yields Ro. Once Ro is known, the hematocrit level (H x ) of a 
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sample can be determined by measuring the sample's resistance (R x ), and substituting the result, 
along with the Rq, Ra, and H A values previously determined, into equation 2. 

[026] However, the hematocrit level is not the only factor that affects the conductivity of a 
blood sample. For example, the conductivity of a blood sample increases as the concentration of 
electrolytes (such as sodium, for example) increases. Accordingly, hematocrit values determined 
by blood analyzers must be corrected to account for other blood components. It has been shown 
that correcting a measured hematocrit value for the concentration of sodium in the sample yields 
an accurate hematocrit value. Thus, the true hematocrit level (H x *) of a sample can be 
determined using equation 3: 

1/(1-H X *) = [l/(l-H x )](Na x /Na A ) (3) 

where Na A is the sodium concentration of standard A and Na x is the sodium concentration of the 
sample. In a particular embodiment according to the invention, software may be included in the 
blood analyzer to convert resistance values measured by the analyzer to hematocrit levels by 
using the above equations. 

[027] In order to ensure the accuracy of hematocrit values obtained by a blood analyzer, the 
instrument must be calibrated with a reference solution before use, and possibly periodically 
during use. In one embodiment of the invention, a reference solution includes at least two of a 
water soluble polymer, a glycol, and a polysaccharide in such proportions to yield a solution with 
a conductivity that corresponds to a known hematocrit level. Examples of this embodiment 
include reference solutions that contain: a water soluble polymer, a glycol, and a polysaccharide; 
a water soluble polymer and a glycol; a water soluble polymer and a polysaccharide; and a glycol 
and a polysaccharide. In another embodiment of the invention, a reference solution contains a 
polysaccharide in such a proportion to yield a solution with a conductivity that corresponds to a 
known hematocrit level. 

[028] In some embodiments of the invention, the water soluble polymer is non-ionic. 
Examples of suitable water soluble polymers include polyethylene glycol and polyvinyl 
pyrrolidone, for example. The polyethylene glycol can have an average molecular weight 
ranging from about 1000 to about 4000, but an average molecular weight of about 2000 is 
preferred. Examples of suitable glycols include ethylene glycol, propylene glycol, dipropylene 
glycol, and glycerol, for example. In some embodiments of the invention, the polysaccharide is 
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non-ionic. An example of a suitable non-ionic polysaccharide is dextran. The dextran can have 
an average molecular weight ranging from about 8000 to about 40,000, but an average molecular 
weight of about 10,000 is preferred. 

[029] The proper ratio of the water soluble polymer, glycol, and polysaccharide is crucial in 
achieving the desired conductivity of the solution, while at the same time minimizing 
interference with other sensors in the blood analyzer. For example, in a particular embodiment, 
the reference solution includes 9-15 % polyethylene glycol (MW 2000), 6-10 % ethylene glycol, 
and 6-10 % dextran (MW 10,000), by weight. One example of this embodiment is a reference 
solution containing 90 g/L polyethylene glycol (MW 2000), 90 g/L ethylene glycol, and 60 g/L 
dextran (MW 10,000). Another example of this embodiment is a reference solution containing 
130 g/L polyethylene glycol (MW 2000), 70 g/L ethylene glycol, and 100 g/L dextran (MW 
10,000). 

[030] In another particular embodiment, the reference solution contains 7-1 1 % polyethylene 
glycol (MW 2000) and 5-9 % dextran (MW 10,000) by weight. One example of this 
embodiment is a reference solution containing 90 g/L polyethylene glycol (MW 2000) and 60 
g/L dextran (MW 10,000). 

[031] In some embodiments according to the invention, the conductivity of the reference 
solution corresponds to a hematocrit level that falls within the range of normal human hematocrit 
levels. For example, in men 19 years or older, the normal range of hematocrit is between 41 and 
50, while in women 19 years or older, the normal range is between 36 and 44. In other 
embodiments, the conductivity of the reference solution corresponds to hematocrit levels that are 
greater than or less than the range of normal human hematocrit levels. 

[032] In some embodiments according to the invention, the reference solution contains one or 
more analytes that could be found in body fluids in addition to the water soluble polymer, glycol, 
and polysaccharide. Examples of analytes include, but are not limited to, ions (such as 
hydrogen, sodium, potassium, calcium, chloride, bicarbonate, lithium, magnesium, and 
ammonium, for example), biological metabolites (such as glucose, lactate, urea, creatine, and 
creatinine, for example), and gases (such as oxygen and carbon dioxide, for example). Examples 
1-3 below illustrate examples of suitable reference solution components and their respective 
proportions. 
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[033] In other embodiments of the invention, the reference solution may contain one or more 
pH buffer solutions, preservatives, stabilizers, surfactants, dyes, and/or anticoagulants. 
Examples of a suitable pH buffers are 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid 
(HEPES), 3-(N-morpholino) propanesulfonic acid (MOPS), 7V-tris-(hydroxymethyl)methyl-2- 
aminoethanesulfonic acid (TES), N-tris-(hydroxymethyl)methyl glycine (TRICINE), and NJf- 
bis-(2-hydroxyethyl) glycine (BICINE). Preservatives include the biocide methylisothiazolinone 
(MIT) and formaldehyde, for example. Stabilizers serve to stabilize the other reactants in the 
reference solution and can include chelating or sequestering agents, for example. Examples of 
stabilizers include calcium chelating or sequestering agents (such as a-amino acids, a-hydroxy 
acids, dicarboxylic acids, and polycarboxylic acids, for example) and cations that complex with 
carbonate ion (such as magnesium and choline, for example). Surfactants include, but are not 
limited to, non-ionic surfactants. Dyes, such as food colorants, may be added in low 
concentrations to help identify the contents of the solution, or in high concentrations to simulate 
the color of hemoglobin. An example of a suitable anticoagulant is sodium heparin. 

[034] A reference solution according to the invention may be pasteurized prior to introduction 
to an instrument. Typical pasteurization conditions include, for example, heating to 55° C for 16 
hours, heating to 65° C for 8 hours, heating to 75° C for 4 hours, heating to 85° C for 2 hours, or 
heating to 95° C for 1 hour. Preferably, the solution is pasteurized after it has been added to the 
ampoule or container that will be introduced to the instrument. Pasteurization can stabilize a 
reference solution according to the invention by removing contaminants that react with oxygen 
and by removing neutral organic compounds that are readily oxidized to organic acids. 

[035] Another aspect of the invention provides a method for calibrating an instrument that 
measures hematocrit levels in biological samples obtained from a patient. The instrument may 
be a blood analyzer - for example, the GEM Premier 3000 manufactured by Instrumentation 
Laboratory Company (Lexington, MA) - that determines hematocrit levels in a biological 
sample by measuring the conductivity of the sample. Referring to FIG. 1, in one embodiment 
according to the invention, a blood analyzer 2 has a sample inlet 4 where the biological sample is 
introduced into the blood analyzer 2. A peristaltic pump 6 moves the sample through the sample 
inlet 4 and into an electrode card 8. The electrode card 8 contains one or more electrodes 10 that 
detect and measure components of interest, such as analytes, in the sample. An electrical 
interface 12 connects the electrode card 8 to a microprocessor 14. Signals from the electrode 
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card 8 pass to the microprocessor 14 to allow for storage and display of the signals. Signals from 
the microprocessor 14 pass to the electrode card 8 to allow for control over measurement 
conditions, such as the polarization voltage of an electrode. In one embodiment according to the 
invention, the sample inlet 4 and the electrode card 8 are contained within a disposable cartridge 
16, which can be detached from the remaining elements of the blood analyzer 2 and replaced 
after use. 

[036] Referring to FIG. 2, in one embodiment according to the invention, the electrode card 8 
includes a rigid, substantially rectangular card made of polyvinyl chloride (PVC). A channel 18 
is located within the electrode card 8, through which a biological sample or a reference solution 
may flow. One or more electrodes 10 may be embedded within the channel 18. When a sample 
is passed through the electrode card 8, it flows through the channel 18 and over the electrodes 
10, allowing for detection and/or measurement of the components of interest. 

[037] Referring again to FIG. 2, examples of electrodes 10 that may be incorporated into the 
electrode card 8 include a hematocrit electrode, ion-selective electrodes, electrodes for analyzing 
dissolved gases, and electrodes which use an enzyme-based detection system. For example, the 
electrodes may detect hematocrit 20, oxygen 22, sodium 24, calcium 26, potassium 28, pH 30, 
carbon dioxide 32, lactate 34, and glucose 36. 

[038] Referring again to FIG. 1, in one embodiment according to the invention, a blood 
analyzer 2 is calibrated for hematocrit by introducing into the sample inlet 4 an embodiment of 
the reference solution according to the invention that includes a combination of at least two of a 
water soluble polymer, a glycol, and a polysaccharide in such proportions to yield a solution with 
a conductivity that corresponds to a known hematocrit level. The peristaltic pump 6 moves the 
reference solution through the sample inlet 4 and into the electrode card 8, where it comes into 
contact with the one or more electrodes 10. At least one of the electrodes 10 is a hematocrit 
electrode 20 that measures the resistance of a sample. The electrode card generates a signal 
based on the resistance of the sample, and the signal is transmitted to the microprocessor 14, 
where the corresponding hematocrit level is calculated as described above. The calculated 
hematocrit value is then compared against the known hematocrit value of the reference solution. 
If the values do not agree, the analyzer is adjusted until the calculated hematocrit value is 
representative of the known hematocrit value. 
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[039] In one embodiment according to the invention, the method of calibration described above 
is repeated with a second reference solution that includes a combination of at least two of a water 
soluble polymer, a glycol, and a polysaccharide in such proportions to yield a solution with a 
conductivity that corresponds to a different known hematocrit level than the first reference 
solution. Additionally, the method of calibration may be repeated any number of times with 
reference solutions that correspond to any number of different known hematocrit levels. 

[040] Referring still to FIG. 1, in one embodiment according to the invention, a blood analyzer 
2 is calibrated for hematocrit and one or more analytes by introducing into the sample inlet 4 an 
embodiment of the reference solution according to the invention that includes known 
concentrations of the one or more analytes in addition to a combination of at least two of a water 
soluble polymer, a glycol, and a polysaccharide in such proportions to yield a solution with a 
conductivity that corresponds to a known hematocrit level. As described above, the peristaltic 
pump 6 moves the reference solution through the sample inlet 4 and into an electrode card 8, 
where it comes into contact with the one or more electrodes 10. The electrodes include a 
hematocrit electrode 20 and at least one electrode that measures the concentration of a blood 
analyte in a sample. The electrode card generates a signal based on the resistance of the sample, 
and the signal is transmitted to the microprocessor 14, where the corresponding hematocrit level 
is calculated as described above. The calculated hematocrit value is then compared against the 
known hematocrit value of the reference solution. If the values do not agree, the analyzer is 
adjusted until the calculated hematocrit value is representative of the known hematocrit value. 
Similarly, the electrode card generates signals based on the concentrations of the analytes in the 
sample. The signals are transmitted to the microprocessor 14, where the measured analyte 
concentrations are compared against the known analyte concentrations of the reference solution. 
If the values do not agree, the analyzer is adjusted until the measured concentrations are 
representative of the known concentrations. 

[041] In one embodiment according to the invention, the method of calibration described above 
is repeated with a second reference solution that includes one or more analytes in addition to a 
combination of at least two of a water soluble polymer, a glycol, and a polysaccharide in such 
proportions to yield a solution with a conductivity that corresponds to a different known 
hematocrit level than the first reference solution. Additionally, the method of calibration may be 
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repeated any number of times with reference solutions that correspond to any number of different 
known hematocrit levels. 

[042] A reference solution according to the invention can be stored in any type of container or 
packaging known in the art, including, but not limited to, polyethylene bottles, glass vials, glass 
ampoules, and foil laminate pouches. Examples of suitable containers are described in U.S. 
patent No. 6,136,607, the entire disclosure of which is incorporated by reference herein. 

[043] In addition to being used as a calibrating solution, which is used to set the response level 
of instrument sensors as described above, a reference solution according to the invention may be 
used as a control or validating solution, which is used to verfiy the accuracy and reliability of the 
instrument and the assay. The control solution is introduced to an instrument, and conductivity 
and/or analyte concentration values are obtained. The measured values are then compared 
against the known conductivity and/or concentration values to validate that the instrument and 
assay are performing as expected. 

[044] The following examples are intended to illustrate, but not limit, the invention. 
Example 1 

[045] A reference solution was formulated according to Table 1 below: 



Table 1 



Deionized Water 


1.00 L 


HEPES buffer 


100 mmol 


NaOH 


75 mmol 


NaCl 


80 mmol 


KC1 


7.0 mmol 


CaCl 2 


1.00 mmol 


Chloline Chloride 


1 mmol 


Glucose 


12 mmol 


Lithium Lactate 


4 mmol 


MIT biocide 


2.0 mmol 


FD&C Blue No. 1 


0.01 g 


FD&C Yellow No. 5 


0.03 g 
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PEG (MW 2000) 


90 g 


Dextran (MW 10,000) 


60 g 


Ethylene Glycol 


90 g 



[046] The reference solution was introduced to a blood analyzer containing an electrode card 
equipped with sensors to detect pH, carbon dioxide (CO2), oxygen (02), sodium (Na), potassium 
(K), calcium (Ca), glucose (Glu), lactate (Lac), and hematocrit (Hct). Three hematocrit values 
were obtained, along with three concentration values for each analyte. After the final 
measurement, the electrode card was replaced and the procedure was repeated with a new 
electrode card containing the same type of electrodes. In some instances, two measurements 
were recorded with each electrode card, and in others one measurement was recorded. The 
experimental results for each of the nine analytes measured by 25 different electrode cards are 
summarized in FIG. 3. 

[047] FIG. 3 illustrates that the measured hematocrit levels and analyte concentrations varied 
only slightly among the 46 experiments. The standard deviations for the hematocrit levels and 
analyte concentration values were all within acceptable ranges for blood analyzing instruments. 
Thus, a reference solution formulated according to table 1 is effective at calibrating and/or 
validating a blood analyzer for pH, carbon dioxide, oxygen, sodium, potassium, calcium, 
glucose, lactate, and hematocrit. 

Example 2 

[048] A reference solution was formulated according to Table 2 below: 



Table 2 



Deionized Water 


1.00 L 


HEPES buffer 


100 mmol 


NaOH 


66 mmol 


NaHC0 3 


20 mmol 


NaCl 


68 mmol 


KC1 


7.0 mmol 


CaCl 2 


1.00 mmol 


Chloline Chloride 


1 mmol 



12 



Glucose 


12 mmol 


Lithium Lactate 


4 mmol 


MIT biocide 


2.0 mmol 


FD&C Blue No. 1 


0.01 g 


FD&C Yellow No. 5 


0.03 g 


PEG (MW 2000) 


130 g 


Dextran (MW 10,000) 


100 g 


Ethylene Glycol 


70 g 



[049] To predict the room temperature stability of the solution, accelerated stability studies 
were performed as described below. 

[050] The reference solution was introduced to a blood analyzer containing an electrode card 
equipped with sensors to detect pH, carbon dioxide (CO2), oxygen (O2), sodium (Na), potassium 
(K) 3 calcium (Ca), glucose (Glu), lactate (Lac), and hematocrit (Hct). Twelve hematocrit values 
were obtained, along with twelve concentration values for each analyte. The average of these 
values is reported in the time = 0 row of FIG. 4. 

[051] Aliquots of the solution were stored at 5°C, 25°C, 35°C, and 45°C. After two weeks, 
samples of the reference solutions stored at 5°C and 45°C were re-equilibrated to ambient 
temperature and introduced to the blood analyzer to obtain hematocrit and analyte concentration 
values. The procedure was repeated two additional times, yielding three sets of values for each 
solution. The average of these values is reported in the time = 2 weeks row of FIG. 4. 

[052] The procedure was repeated at 2, 4, 6, 8, 9, 13, 16, and 20 weeks for the solution stored at 
5°C. For the aliquots stored at elevated temperatures, once the value for any analyte deviated 
from the time = 0 value by more than 1 .5 times the acceptable range, testing on the solution was 
halted and the next lower temperature was tested. Accordingly, the reference solution stored at 
45°C was tested at 2 and 4 weeks, the 35°C solution was tested at 4, 6, and 8 weeks, and the 25°C 
solution was tested at 9, 13, 16, and 20 weeks. The results of these experiments are summarized 
in FIG. 4. 

[053] The projected room temperature shelf life of the solution was determined from the data in 
FIG. 4 by comparing the hematocrit and analyte concentration values at each timepoint against 



13 



the values at t = 0 for the solution stored at 25°C. As shown in FIG. 4, the pC>2 value obtained 
for the solution stored at 25°C was within the acceptable range (±5 mmHg) at 13 weeks (122 
mmHg), but was outside the range at 16 weeks (109 mmHg). Thus, 13 weeks represents a 
conservative estimate of room temperature shelf-life for the solution. 

[054] Second, the predicted shelf life of the solution stored at 5°C was estimated using the 
"10°C rule." The change in p0 2 values for each of the solutions stored at 25°C, 35°C, and 45°C 
were plotted against time, and the time-to-failure (i.e., the point at which the pC>2 value fell 
outside the acceptable range) was determined for each temperature. The ratio of the time-to- 
failure values between 35°C (3.52 weeks) and 45°C (0.83 weeks) was 4.2, and the ratio between 
25°C (13.5 weeks) and 35°C (3.52 weeks) was 3.8, yielding an average time-to-failure ratio of 
4.0 for each 10°C change in temperature. In other words, for every 10°C change in storage 
temperature, the time-to-failure for the solution changes by a factor of four. Thus, the predicted 
time-to-failure of the solution stored at 5°C is 216 weeks, based on a time-to-failure value of 13.5 
weeks for the solution stored at 25°C. 

Example 3 

[055] A reference solution was formulated according to Table 3 below: 



Table 3 



Deionized Water 


1.00 L 


HEPES buffer 


100 mmol 


NaOH 


44 mmol 


NaHC0 3 


20 mmol 


NaCl 


58 mmol 


KC1 


3.0 mmol 


CaCl 2 


2.00 mmol 


Chloline Chloride 


1 mmol 


Glucose 


3 mmol 


Lithium Lactate 


0.8 mmol 


MIT biocide 


2.0 mmol 


FD&C Blue No. 1 


0.05 g 
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PEG (MW 2000) 


90 g 


Dextran (MW 10,000) 


60 g 



[056] Accelerated stability studies on the solution were conducted as described above. First, 
aliquots of the solution stored at 5°C and 25°C were tested as above at 4, 6, and 12 weeks. The 
results of this study are summarized in FIG. 5. After 12 weeks, no appreciable change in 
hematocrit and analyte concentration values were recorded, so the test was halted. New aliquots 
of the solution were placed in ampoules and pasteurized. An accelerated stability study was 
performed, as described above, on aliquots stored at 5°C, 35°C , and 45°C. After 4 weeks, no 
appreciable change in hematocrit and analyte concentration values were recorded, as shown in 
FIG. 6. The results of these two experiments indicate that a reference solution formulated 
according to table 3 is an effective calibrating and/or validating solution for pH, carbon dioxide, 
oxygen, sodium, potassium, calcium, glucose, lactate, and hematocrit, and has an acceptable 
shelf-life. 

Equivalents 

[057] The invention may be embodied in other specific forms without departing from the spirit 
or essential characteristics thereof. The foregoing embodiments are therefore to be considered in 
all respects illustrative rather than limiting on the invention described herein. Scope of the 
invention is thus indicated by the appended claims rather than by the foregoing description, and 
all changes that come within the meaning and range of equivalency of the claims are intended to 
be embraced therein. 
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